Introduction
Dermatofibrosarcoma protuberans (DFSP) is a relatively rare and low-grade sarcoma of the skin and soft tissue. It is reported that the incidence of DFSP is estimated to be 0.8 to 5 cases per million per year and 0.1% of all malignancies. It approximately constitutes 4% of all soft tissue sarcomas and usually appears on the trunk and extremities. DFSP presents more commonly in adults between 20 and 50 years of age. The male-to-female ratio is roughly 1:1 (1) . DESP has a low potential of metastasis and a high rate of local recurrence. Five-year relative survival rates are high (2, 3) .
The pathogenesis of DESP is controversial and not completely understood. Molecular studies revealed that chromosomal translocation plays an important pathogenic role in this tumor. The chromosomal translocation is found in more than 90% of cases, and involves 17q22 and 22q13 (4) . The translocation fuses the genes COL1A1 with the platelet-derived growth factor beta (PDGFβ), usually with a ring chromosome formation. This gene codes for a fusion protein, which binds to the constitutively expressed PDGFβ receptor and acts as an autocrine factor to stimulate the growth of DFSP cells (5) . This finding contributes to the development of new diagnostic tools and new treatment strategies. Histologically, DFSP commonly consists of a proliferation of spindle cells in storiform, cartwheel, sheetlike or fascicular pattern. The majority of DFSP lesions were positive for CD34 but negative for S100 and desmin (6) .
Previously, the therapeutic regimen for DFSP is
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International Publisher complete surgical excision with a clear and wide margin. The recurrence rate rages from 0% to 41% in cases treated by wide local excision (WLE) with at least 2-3 cm of free margin (7) . Mohs micrographic surgery (MMS) has been encouraged in recent decades. The recurrence rates have decreased to 0.6-6% (8) . However, DFSP is often misdiagnosed as a benign tumor and thus is excised by a simple excision, which leads to a high local recurrence rate about 26-60% (9) .
In the present study, we retrospectively evaluated and analyzed all patients with a diagnosis of recurrent DFSP in our institutes over a period of 6 years, with the aim to improve our understanding of recurrent DFSP and prevent tumor recurrence and morbidity.
Methods
This study was undertaken at the West China Hospital of Sichuan University with the approval of the human ethics review committee. We conducted a retrospective analysis of all patients with recurrent DFSP diagnosed from 2010 to 2016. Written informed consent was obtained from all patients or patients' parents for their clinical data to be used. All patients were admitted into our hospital owing to recurrence of DFSP after a previous surgery performed elsewhere. Recurrent DFSP was defined as tumor regrowth at the original tumor site at least 6 months after the resection. Clinical records were independently reviewed by two investigators. Clinical information, including demographics, clinical presentation, laboratory results, treatment, histopathological findings, follow-up examinations and outcome, was obtained. In all cases, diagnosis was independently confirmed by two expert pathologists.
Based on the histopathological findings, we divided DFSP into 2 types: fibrosarcomatous DFSP (FS-DFSP) and ordinary DFSP (O-DFSP) (10 
Results
Fifty-seven patients with a diagnosis of recurrent DFSP were included for analysis. All of these patients had simple excision at other institutions, and all of them demonstrated local recurrence after resection. The patients were admitted to our hospital after the last recurrence. The main characteristics of patients and the DFSP are summarized in Table 1 . There were 26 females and 31 males, with a female-to-male ratio of 0.84:1. The mean age at the presentation of DFSP was 30.9 years (range 3 to 63 years). The mean age at diagnosis of DFSP was 40.2 years (range 4.8 to 76.5 years). The mean interval between the presentation and the diagnosis of the DFSP was 9.0 years. Three patients were younger than 20 years (5.3%). Fifty patients were between 20 and 59 years (87.7%). Four patients were older than 59 years (7.0%). Fourteen patients underwent resection more than once because of recurrences. Two patients received adjuvant radiotherapy after resection. The mean time to the first recurrence after the primary simple excision was 2.93 years (range 0.5 to 18 years). The most common symptom of DFSP was present as a painless plaque that protrudes above the surface of the skin at the original tumor site. The most common anatomical location of the lesions was chest wall, representing 29.8% of all recurrent DFSP, followed by the back, abdominal wall, and head-face-neck area (Figure 1 ). In the majority of patients (45 patients), the recurrent lesions remained stable during the first several months but grew rapidly later. In contrast, the recurrent lesions in the remaining 12 patients did not grow fast. The lesions in 15 cases were tender on pressure. Five patients had multiple lesions around the scar. Tumor ulceration was observed in 2 patients. The mean size of the lesions was 10.9 cm 2 (range 0.3 to 100 cm 2 ). Only two patients complained itching of the lesions. In one patient, the onset of lesion was preceded by antecedent trauma. None of the patients had distant metastasis. All of the recurrent cases were treated by MMS using repeat frozen tissue biopsies at our institution. Hematoxylin-eosin staining showed that 46 cases were O-DFSP (DFSP without fibrosarcomatous changes). Fibrosarcomatous changes were observed in 11 cases (Figure 2 ). No differences were noted between FS-DFSP and O-DFSP in age at presentation and diagnosis, gender, and tumor size (P > 0.05). The average time to the first recurrence of FS-DFSP was 1.87 years after the primary simple excision, compared with 3.27 years in O-DFSP (P = 0.038). Immunohistochemical examination showed that the lesions in 55 patients were positive for CD34. The remaining two lesions were negative for CD34: one each for O-DFSP and FS-DFSP. All of the lesions were positive for Ki-67. The mean Ki-67 index was 14%. Three tumors were positive for SMA and one lesion was positive for S-100. All of the lesions were negative for desmin. There was no significant difference in the positive rate in CD34 and SMA expression between FS-DFSP and O-DFSP (P > 0.05) ( Table 1) . The mean length of follow-up after the MMS for the entire cohort was 3.07 years (range 0.5 to 6 years). All the patients were followed up every 3 months for the first 1 year and then every 6 months thereafter. Clinical exam, local ultrasound (US) or magnetic resonance imaging (MRI), along with a chest X-ray or chest computer tomography (CT) were the modalities used to monitor patients. All of the patients had a favorable outcome with no tumor recurrence and metastasis during follow-up.
Discussion
Previously, a small number of case reports described the characteristics of recurrent DFSP. However, the findings were based on small sample sizes. To identify the characteristics of recurrent DFSP, more extensive studies are required. In the current study, we successfully provided further insights into the clinical features, pathological characteristics and treatment of recurrent DFSP. To the best of our knowledge, this is the largest reported series of recurrent DFSP.
DFSP can present in any part of the body. In a recent large retrospective study, the authors found that the most common site in primary cases is the trunk, followed by extremities. Head-face-neck areas are less common (11) . In the current study, we found that recurrent cases more common had tumors of the head-face-neck areas than of the extremities. Lesions of the head-face-neck were more likely to present challenges for surgeons to achieve adequate margins than lesions of extremities because of their functionally and cosmetically sensitive anatomic locations. Primary DFSP commonly grew slowly, ranging from several months to many years (12) . In our study, the majority of recurrent lesions also grew slowly at the beginning but on subsequent grew rapidly. K et al. reported that patients with large lesions have a high possibility to be associated with FS-DFSP (13) . Interestingly, in the present study, there was no significant difference in tumor size between recurrent FS-DFSP and recurrent O-DFSP. The primary tumor is commonly solitary. In the current study, 5 cases showed multiple nodules (8.8%). These data suggest that recurrent DFSP might have some growth characteristics similar to that of primary DFSP, but they also display some degree of unique growth pattern.
Occasionally, DFSP may exhibit high-grade histopathological features, when it is then termed FS-DFSP. FS-DFSP typically appears as an abrupt or gradual transition into cell-rich spindle-cell fascicles with cytological atypia and increased mitotic figure rate (14) . In the majority of cases, immunostaining of DFSP shows positivity for CD34. Therefore, CD34 is a highly recommended DFSP tumor marker for immunohistologic analysis (6) . It is reported that FS-DFSP may show loss of CD34 expression in about half of the cases (15) . In the current study, however, we found that only one case of FS-DFSP (9.1%) was negative for CD34. While the reason for this is not known. In addition to CD34, recent studies demonstrated that the analyses of PDGFβ and nestin expression were also effective for pathological diagnosis of DFSP (16, 17) . Unfortunately, none of these markers are specific and are not sufficient to distinguish DFSP from other types of cutaneous tumors as alone.
MMS is important in tumors with poorly defined margins, particularly in lesions on the head-face-neck areas and acral regions, and in the treatment of recurrent and pediatric patients. Compared with wide local excision, MMS has the advantage of conserving tissue, causing a smaller wound size. Furthermore, the possibility of recurrence can be decreased (8) . The resection of recurrent DFSP is more difficult, because the tumor is very likely to violate deeper tissues. In present study, none of the patients who had MMS recurred during follow-up. However, MMS can be time consuming, and be difficult to perform on large lesions. In addition, although data in recurrent cases are lacking, data in primary cases found no difference in overall survival for patients treated with wide local excision versus MMS (11) .
Advances in the understanding of the molecular mechanisms of DFSP have applied in clinical practice via targeted therapy acting on PDGFR. The first effective systemic therapy in DFSP introduced into clinical practice was imatinib mesylate. It is demonstrated usefully for recurrent, metastatic or inoperable tumors. In order to facilitate the removal of large tumor, imatinib can also be used preoperatively to shrink the tumor size (18) . However, the response rate to imatinib was only 46%, and in FS-DFSP, the responses are even weaker and less durable. Tumor relapse might occur once imatinib treatment is terminated. A recent preclinical study suggested that a combination regimen, including immunotherapy, might be beneficial in certain cases (21) . Remarkably, sunitinib, a multi-targeted receptor tyrosine kinase inhibitor, is currently being tested in a prospective clinical trial for diagnoses that include, but are not limited to, metastasis and recurrent DFSP (ClnicalTrials.gov identifier NCT00474994).
In a recent systematic review, the authors found that the mean time to recurrence was 5.7 years after MMS (8) . In the present study, we found that the mean time to recurrence was 2.93 years after simple excision. Interestingly, we found the mean time to recurrence of FS-DFSP was shorter than that of O-DFSP. Multiple studies have reported that FS-DFSP was more aggressive form of DFSP than O-DFSP (20, 22) . This difference may explain why FS-DFSP presented a shorter time to recurrence. Although none of our patient had local recurrence and metastases after being treated with MMS, there is insufficient data, at our institution and in the literature, in reporting long-term follow-up data in order to ensure the efficacy of MMS in recurrent DFSP. Therefore, further efforts are needed to evaluate the definite effect of MMS on recurrent cases.
Conclusion
This report is the largest study assessing the clinical features, pathological characteristics and treatment of recurrent DFSP. The data presented here demonstrate that the clinical characteristics of recurrent DFSP are non-specific and variable. Metastases are rare in these patients. The cases with short time to recurrence were more likely to be FS-DFSP. The main choice for recurrent DFSP is complete surgical excision. Although long-term follow-up data are lacking, our current practice suggests that MMS is very useful for recurrent cases. Due to its high local recurrence rate, clinical follow-up is thus advised.
